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COIL-WINDING MACHINE STATOR INSTALLATION JIG AND 

STATOR WINDING METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority from Japanese Patent Application No. 
2002-216317 filed on July 25, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates to stator installation jigs for coil winding ma- 
chines and to coil-winding methods for forming slack in stator coil wires in resolvers, 
motors, and other rotary electrical equipment. More particularly, the inventions relate 
to solving the problem of the crossing of stator coil wires. 

BACKGROUND OF THE INVENTION 

[0003] Fig. 5 shows a partial view of a stator 1 coupled to a coil-winding ma- 
chine. The coil-winding machine is provided with a rod 7, which is disposed between 
the connector part 4 of the stator 1 and the inner periphery. As shown, the stator coil 
wires 6 are wound around the magnetic pole teeth 2 and also the stator coil wires 6 are 
wrapped onto the output pins 5 after they are carried over the rod 7. The rod 7 is 
pulled out from under the stator coil wires 6 after the wires are wound onto the stator 1 , 
so that slack is created in the stator coil wires 6, thus preventing stator coil wire 6 
breakage due to temperature variations, etc. 

[0004] Another technique for forming slack in the stator coil wires 6 is shown 
in Fig. 6. Here, detour pins 8 are fixed near the output pins 5, and the stator coil wires 
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6 are caused to detour around the outside of the detour pins 8 in between the magnetic 
pole teeth 2 and the output pins 5. In this technique, slack is created in the stator coil 
wires 6 since the detour pins 8 are removed after coil-winding of the stator 1 is com- 
plete, thus preventing stator coil wire 6 breakage due to temperature variations, etc. 

[0005] However, a shortcoming in the prior art technique shown in Fig. 5 is 
that a mechanism is required in the coil-winding machine to drive the rod 7, thereby 
making the construction of the coil-winding machine complex. Moreover, it is difficult 
to obtain consistent operation of the rod 7 in the coil-winding machine, thus making it 
difficult to obtain a consistent amount of slack. 

[0006] A shortcoming of the technique shown in Fig. 6 is that it requires the 
insertion and removal of the detour pins 8 in the stator 1 . There are also limitations on 
the position of the installation of the detour pins 8, and a sufficient amount of slack 
cannot be created. Thus, it may not be possible for the slack to fulfill its role of pre- 
venting wire breakage due to temperature variations. 

[0007] Moreover, in the prior art techniques described above, as the number 
of output pins 5 increases, the slack portions of the stator coil wires 6 are apt to cross 
over one another. Vibration and other factors can cause these stator coil wires 6 to 
rub against one another, damaging their coating. This can result in such serious fail- 
ures as shorts and broken wires. 

SUMMARY OF THE INVENTION 

[0008] Therefore, an object of the present invention is to provide a 
coil-winding machine stator installation jig and a stator coil-winding method that prevent 
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the crossing of stator coil wires in the slack areas, while providing a consistent amount 
of slack in the coil wires, without making the coil-winding machine more complex or in- 
creasing the number of production steps. 

[0009] Accordingly, a stator jig attachment for a coil winding machine is pro- 
vided adapted to support a ring-shaped stator provided with a plurality of magnetic pole 
protuberances on an inner periphery and having a connector with a plurality of connec- 
tor parts on an outer periphery wherein stator coil wires are wound onto the magnetic 
pole protuberances and the plurality of connector parts by means of the coil-winding 
machine, the stator installation jig comprising at least one projecting member that 
penetrates through a gap that is formed between the connector and the outer periphery 
of the stator when the stator is supported by the stator installation jig, the at least one 
projecting member forming a plurality of grooves such that the stator coil wires which 
are strung between the connector parts and the plurality of magnetic pole protuber- 
ances are carried over the projecting member and between the plurality of grooves 
thereby imparting slack to the stator coil wires while preventing the stator coil wires 
from crossing. 

[0010] In another aspect of the invention, the grooves of the projecting 
member are concave. Preferably there are at least three substantially parallel 
grooves. 

[0011] In still another aspect of the present invention, in a stator installation 
jig for a coil winding machine, having a slack forming plate including a plurality of 
grooves, and adapted to support a stator provided with a plurality of magnetic pole 
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teeth and having a connector with a plurality of connectors on an outer periphery of the 
stator and a gap formed between the connector and stator, a method is provided of 
winding coils on the stator and the connector comprising the steps of supporting the 
stator on the installation jig such that the slack forming plate extends through the gap in 
the stator, winding coils on the plurality of magnetic pole teeth and connecting terminal 
end portions of the coils to the connector such that at least one coil extends over and 
within each of the plurality of cavities formed in the slack forming plate to separate and 
create slack in the coil wires. 

[0012] Accordingly, in the present invention, there is no need to make the 
coil-winding machine more complex, as in the above-described prior art technology, or 
to increase the number of production steps, since the stator is supported by the stator 
installation jig and there is a projecting part or slack forming member, which projects 
through a gap formed between the stator and a connector part, and which provides the 
stator coil wires with slack. Moreover, since there is almost no variation in the amount 
of projection of the stator projecting parts, stator coil wire winding is stabilized, and a 
consistent amount of slack can be created. Also, when the stator coil wires are strung 
between the connector parts and magnetic pole protuberances, coil-winding can be ef- 
fected without any crossing of the stator coil wires because the stator coil wires go over 
and through the grooves formed in the projecting parts, which are preferably divided 
according to the pitch of the stator coil wires. 

[0013] Further features and advantages of the invention will become evident 
to one skilled in the art upon reading of the detailed description of the invention, which 
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is given below by way of example only and with reference to the accompanying draw- 
ings, and the scope of the invention will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] For a fuller understanding of the invention, reference is made to the 
following description, taken in connection with the accompanying drawings, in which: 

[0015] Fig. 1 is a perspective view of a portion of a VR resolver and stator in- 
stallation jig using an embodiment of this invention; 

[0016] Fig. 2 is a cross section view of a portion of a VR resolver and stator 
installation jig using an embodiment of this invention; 

[0017] Fig. 3 is a plan view of a portion of a VR resolver and stator installation 
jig using an embodiment of this invention; 

[0018] Fig. 4A and 4B are perspective views of variants of a plate of a stator 
installation jig of an embodiment of the invention; 

[0019] Fig. 5 is a perspective view of a prior art technique for producing slack 
in stator coil wire; and 

[0020] Fig. 6 is a perspective view of another prior art technique for producing 
slack in stator coil wire. 

DETAILED DESCRIPTION 

[0021] The following description of an embodiment of the present invention is 
made with reference to Figs. 1-4. In these drawings, reference number 10 is a VR re- 
solver (variable reluctance resolver), which comprises a stator 11 and a rotor (not 

t 
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shown) disposed inside the stator 1 1 . Reference number 12 in the drawings is the sta- 
tor stack (stator), and the stator stack 12 comprises alternating layers of thin sheets of 
magnetic material and insulating material, which is entirely covered in an insulating 
cover. Reference number 13 in the drawings are the magnetic pole teeth (magnetic 
protuberances), which are a portion of the stator stack 12. The magnetic teeth 13 
project in toward the center of stator stack 12, creating a gap between the neck area 
13a and rotor, forming an approximately arcuate part 13b, and the stator coil wires 14 
are wound onto the neck area 1 3a. 

[0022] Arms 1 5 are formed so that they project toward the outer periphery on 
the stator stack 12, and connector parts 16 are fixed in the gaps 17 between arms 15. 
A plurality of L-shaped output pins (connection parts) 18 are implanted in the connector 
parts 16. The top ends of the output pins 18 project above the surface of the connec- 
tor part 16, and the stator coil wires 14 are wrapped onto the top ends of the output 
pins 18, and are fixed in place by welding or other method. The other ends of the 
output pins 18 project out from the back of the connector parts 16, and are connected 
by means of a socket or directly to external wiring. 

[0023] In Fig. 2, reference number 20 is the stator installation jig. The stator 
stack 12 is configured so that when mounted on the stator installation jig 20, the correct 
location of the stator stack 12 is found. Also, the stator installation jig 20 has plates 
(projecting parts) 21 which project facing upward, and the top ends of the plates 21 are 
configured with a plurality of grooves (concave parts, of which there are three in this 
preferred embodiment) 21a. As explained below, the three grooves are adapted to 
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receive four stator coil wires 14 in a preferred embodiment: each of the two outer 
grooves support a single coil wire and the middle groove (between the two outer 
grooves) supports two wires. 

[0024] When the stator stack 1 2 is installed in the stator installation jig 20, the 
plates 21 pass through the gap 17 and project above the stator stack 12. At this time, 
the dimensions of the bottoms of the grooves 21a are such that they are positioned 
higher than the direct path from the magnetic pole teeth 13 to the output pins 18 to im- 
part slack to stator coil wires to be wrapped around output pins 18. 

[0025] The following is a description of the procedure used for winding the 
coil wires on the above-described stator stack 12. First, the stator stack 12 is mounted 
on the stator installation jig 20, and the top ends of the plates 21 are made to project 
through gaps 17 above the top surface of the plate stack 12. In this condition, the sta- 
tor installation jig 20 and the stator stack are inserted into the coil-winding machine. 
The coil-winding machine winds the stator coil wire 14 on the prescribed magnetic pole 
teeth 13, and after coil-winding is complete, the ends 14a of the stator coil wires 14 are 
passed through the grooves 21a in the plates 21 to the output pins 18. 

[0026] Next, the coil-winding machine wraps the ends 14a of the stator coil 
wires 14 around the output pins 18, and welds them there. By repeating this opera- 
tion, the ends 14a of the stator coil wires are wrapped around all of the output pins 18. 
Also, having done so, there will be one stator coil wire 14 passing through the grooves 
21a on both ends, and 2 stator coil wires 14 passing through the middle groove 21a. 
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[0027] Since the winding and wrapping operations are performed while the 
stator coil wires 14 are under tension, the stator coil wires 14 are pressed into the bot- 
toms of the grooves 21 a. Stated differently, the stator coil wires 14 are pushed upward 
by the bottoms of the grooves 21a, forming a hump-shape from the magnetic pole teeth 
12, over the grooves 21a, to the output pins 18 as shown in Fig. 2. Therefore, when 
the stator 1 1 is removed from the stator installation jig 20 after the coil-winding opera- 
tion is complete, there will be a slack area where the stator coil wires 14 have been 
thrust upwardly. After winding is complete, varnish is applied to the inner periphery of 
the stator stack 12 in order to coat the stator coil wires. The varnish is applied so that 
it comes as far as the vicinity of the gap 17 in the stator stack 12, fixing the ends 14a of 
the stator coil wire 14 which extends in that interval. 

[0028] In the above embodiment, there is no need to make the coil-winding 
machine more complicated or to add production steps since the stator stack 12 is sup- 
ported by the stator installation jig 20, the plates 21 project above the top of the stator 
stack 12, and the stator coil wires 14 are given slack by the grooves 21a in these plates 
21 . Further, since there is virtually no variation in the projection height of the bottoms 
of the grooves 21a in the plates 21, and the stator coil wires are thrust up by the bot- 
toms of the grooves 21a, a consistent amount of slack can be imparted to the stator coil 
wires. Moreover, the stator coil wires 1 4 can be wound by the coil-winding machine 
without crossing one another because the stator coil wires 14 running to the output pins 
18 are separated by the grooves 21a. Thus, there is no wear of the ends 14a of the 
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stator coil wire 14 due to vibration, and problems such as shorts and broken wire can 
be prevented. 

[0029] In the above embodiment, since four stator coil wires 14 are passed 
through three grooves 21a, there are two stator coil wires 14 passing through the cen- 
ter groove 21a. If the two stator coil wires 14 are in contact with each other, there is a 
possibility that they can cross one another when the stator 1 1 is removed from the sta- 
tor installation jig 20 and the stator coil wires 14 are given slack. Therefore, in the 
above embodiment, the two stator coil wires 14 pass through both ends of the groove 
21a. Also, the distance between adjoining stator coil wires 14 is maintained by pass- 
ing the stator coil wires 14 so that their positions are determined by the end of the plate 
21 at the two sides of the groove 21a. The position of these stator coil wires 14 in the 
groove 21a is determined by the relative position of the output pins 18 to the groove 
21a. Thus, the position of the grooves 21a is designed such that each stator coil wire 
14 is disposed as above in the grooves 21a. 

[0030] It is preferable that there be two or fewer stator coil wires passing 
through the concave parts of the projecting parts. If there are two stator coil wires, it is 
preferable that there be space between the two wires which is ample enough so that 
the wires can pass through both ends of the concave parts sequentially. Also, the 
stator coil wire is fixed with varnish applied to the inner periphery of the stator when the 
stator coil wire winding operation is complete. In this case, when the varnish is applied 
while the stator installation jig is supporting the stator, any crossing of the stator coil 
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wires is prevented because the distance between the stator coil wires is held fixedly by 
the stator installation jig. 

[0031] The present invention is not limited to the above-described embodi- 
ments, and a number of variations, as described below, are possible. Fig. 4A is a 
variant example in which the plate 21 has four grooves 21a relative to four output pins 
18. In this mode of the invention, since a single strand of stator coil wire 14 can pass 
through a single groove 21a, the width of the grooves can be made smaller, and the 
spacing between the stator coil wires 14 can be maintained without regard to the posi- 
tional relationship between the output pins 18 and the grooves 21a. An example of a 
preferred mode would a Y-shaped groove 21a, which makes it easier to insert the sta- 
tor coil wires 14 in the grooves 21a. 

[0032] Fig. 4B is a variant in which the grooves 21a are configured with round 
rods on both sides. The advantage of this variation is that it makes it unlikely that the 
coating on the stator coil wires 14 would be damaged when the stator coil wires 14 rub 
on these round rods. 

[0033] Although the above embodiments are configured with multiple grooves 
21a in a single plate 21, a plurality of plates, each of which is provided with a single 
groove, is also possible such as, for example, in a staggered configuration. Also, by 
applying the varnish while the stator stack 12 is supported in the stator installation jig 
20, crossing of the stator coil wires 14 can be effectively prevented because the spac- 
ing of the stator coil wires 14 is fixed. 
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[0034] By creating a gap between the stator contacting parts and the inner 
periphery, when the stator installation jig supports the stator, and a projecting part is 
provided which has a plurality of concave parts which penetrate this gap and project 
above one surface, and the stator coil wires are adjusted between the connecting parts 
and the magnetic pole protuberances, the invention described above has the effect of 
providing a consistent amount of slack in the stator coil wires because the stator coil 
wires are separated from one another and are carried over. This is done without hav- 
ing to make the coil-winding machine more complex or add production steps. The in- 
vention also has the effect of preventing crossing of the stator coil wires in the slack 
areas. 

[0035] While particular embodiments of the present invention have been de- 
scribed, it will be apparent to those skilled in the art that changes and modifications 
may be made without departing from this invention in its broader aspect and, therefore, 
the appended claims are to encompass within their scope all such changes and modi- 
fications that fall within the true sprit and scope of this invention. 
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